Objective: To identify patient and physician-controlled treatment variables that might predict the persistence or redevelopment of saphenofemoral junction (SFJ) reflux. Methods: Thirteen European centers, with substantial lower extremity venous disease practices, examined their experience with SFJ ligation and GSV stripping for primary varicose veins in patients followed for >2 years, entering their data into a protocol-driven matrix that stipulated duplex Doppler imaging as an essential component of follow-up examinations and required a complete review of all peri-operative examinations, as well as all operative procedure and anesthesia notes. Matrix entries were centrally audited for consistency and credibility, and queried for correction or clarification before being accepted into the study database. Presence or absence of Doppler-detectable SFJ reflux was the dependent variable and principal outcome measure. Results: Among 1,638 limbs, 315 (19.2%) had SFJ reflux. After adjustment for follow-up length and imputing for missing values, multivariable analysis identified seven significant predictors. Ultrasonic groin mapping (odds ratio [OR], 0.28; 95% confidence interval [CI], 0.20 to 0.40) and <3-cm groin incisions at or immediately below the groin crease (OR, 0.50; 95% CI, 0.32 to 0.78) were both uniquely associated with diminished probability of follow-up SFJ reflux. Prior parity (OR, 2.69; 95% CI, 1.45 to 4.97), body mass index >29 kg/m 2 (OR, 1.65; 95% CI, 1.12 to 2.43), <3-cm  suprainguinal incisions (OR, 3.71; 95% CI, 1.70 to 5.88), stripping to the ankle (OR, 2.43; 95% CI, 1.71 to 3.46) , and interim pregnancy during follow-up (OR, 4.74; 95% CI, 2.47 to 9.12), were each independent predictors of a greater probability of having SFJ reflux. Conclusions: The findings suggest that ultrasound groin mapping, reticence for short suprainguinal or longer groin incisions and extended stripping, and counseling women about the effect of future pregnancy are prudent clinical choices, especially for obese or previously parous patients. ( J Vasc Surg 2006;43:81-7.)
Twenty percent of limbs show Doppler-detectable refluxing connections in the immediate area of the former saphenofemoral junction (SFJ) within 3 years after ligation and stripping of the great saphenous vein (GSV), accounting for about 70% of all recurrent superficial thigh vein reflux. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] The principal causes of recurrent SFJ reflux are thought to be misidentification of the true SFJ or development of newly formed connecting veins, initiated by a yet-to-be-defined signaling process consequent to the op-erative procedure. 1, [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] This Ն20% failure to achieve the principal anatomic goal of a commonly performed, wellestablished surgical procedure is dismaying to surgeons and has the expected ill consequences for patients: approximately 40% of these limbs develop renewed symptoms of venous insufficiency, often with clinically distressing new varicosities that, together, are sufficient to cause the patient to seek a secondary procedure. [1] [2] [3] [4] 13 We have chosen to address this problem through an analysis of patient characteristics and physician-determined treatment variables that might influence the redevelopment or persistence of SFJ reflux, drawing upon a structured, collective database comprising Ͼ1,600 limbs.
MATERIALS AND METHODS
Surgeons and phlebologists, known by the first author (R. F.) to have substantial lower-extremity venous disease practices, were invited to examine their personal experience with SFJ ligation and GSV stripping for primary varicose veins using the structured review outlined in Table I (online only) . Each contributor agreed to review the original preoperative examination, operative, and anesthesia notes and to expand and update their follow-up information in accordance with guidelines amplifying the variables in Table I (online only) . The results were entered into a preliminary database that was reviewed for consistency and credibility by the lead authors. Queries were sent to the contributors for correction or clarification before entry into the master database. Of the 13 individual investigators or investigator groups listed in the Appendix, 2 were situated in academic centers, 4 in public hospitals, and 7 in specialized, large, private practices, in Belgium, Germany, Poland, Switzerland, and the United Kingdom. Collectively, they contributed 1,638 limbs.
All contributors had expertise (or ready access to expertise) in duplex Doppler scanning, which was to be an essential component of the follow-up assessments. The operations were performed from 1978 through 2003. All follow-up examinations were performed after 1991, the approximate beginning of disseminated use of duplex sonography for lower-extremity venous disease. 14 
Patients
were advised of the intent to use their clinical data for one or more studies of lower-extremity venous insufficiency and agreed to this use of their data.
The structured review incorporated certain rules and definitions. All operations had to have consisted of an apparent flush ligation of the SFJ, ligation of all proximal GSV tributaries, and stripping of at least the thigh portion of the GSV. All were to be primary operations on limbs without a history or findings of deep vein thrombosis or serious trauma to the affected extremity. The procedure of SFJ ligation with resection of just a short, proximal, tributary-bearing segment, without GSV stripping ("crossectomy" in Europe), was excluded because the hemodynamics and consequences of recurrent SFJ reflux are different when the thigh portion of the GSV has not been eliminated. [5] [6] [7] 15, 16 The study limbs were not completely representative of the contributors' overall experience with ligation and stripping for primary varicose veins. Seven contributing groups were progressively following most of their patients or specifically recalled them for the study. In five instances, including two of the foregoing, a substantial portion of the data were previously assembled for already reported studies having their own specific focus and then were expanded and updated to comply with the structured review. 4, 15, [17] [18] [19] [20] In three other practices, patients were seen only at their own request because of specific complaints, providing needed data on proportionally more reflux limbs. Hence, the study prevalence of recurrent SFJ reflux, although not exceptional, is simply a characteristic of the database and not a true representation of any treated-limb universe.
Ultrasonic groin mapping typically meant preoperative duplex Doppler insonation, often with color-coding. In a few instances, however, early adapters were exploring handheld, continuous-wave Doppler groin mapping that was capable of detecting larger tributaries, but with less sensitivity and less specificity than duplex imaging. 9,10 Chronic venous insufficiency (CVI) was defined as CEAP clinical classes 4 to 6. 21 Recurrent SFJ reflux was defined as spontaneous or Valsalva-induced reflux lasting for Ͼ0.5 seconds in single or multiple channels appearing to originate from the site of the former SFJ junction, or from persistent cross-groin tributaries of the former SFJ that connected to refluxing, superficial, thigh vein remnants. Variables with fewer definitive entries than 75% of the relevant limb base number (all limbs, or limbs of female patients only) were to be excluded from analysis.
Statistical analysis. The data were first analyzed by using nonpaired t tests for continuous variables and 2 for categoric data to compare the distributions between no SFJ reflux and reflux limbs as well as to determine the proportions of missing data. Categories with very small numbers were merged for further testing.
Because limbs with SFJ reflux appeared to have more missing data than those without it, omitting limbs with missing data when a particular variable was analyzed would bias the association between potentially predictive variables and follow-up reflux. Therefore, missing data were imputed by using an imputation model that incorporated both switching regression and iterative multivariable regressions, encompassing SFJ reflux (no missing data) and all potential predictor variables. 22, 23 This model was used to construct five data sets, exceeding the three-set minimum needed to balance out differences proposed by Schafer et al. 23 Separate analyses were conducted on each set and combined to produce the working data set. The predictive ability of each variable was expressed as an odds ratio derived from univariate logistic regression analysis, with SFJ reflux as the dependent variable and all potential predictors as independent variables, adjusting for three categories of follow-up duration, 2 to 6, 7 to 12, and Ͼ12 years.
Logistic multivariable regression models were then created by using a stepwise forward procedure with a univariate P Ͻ .15 and P ϭ.05 as the predictor variable entry criterion. To be selected for the final model, predictors had to have entered the model in all five data sets. The multivariable models' ability to discriminate between no-reflux-and reflux-limbs was quantified by using the area under the receiver operating characteristics (ROC) curve. 24 The ROC curves were bootstrapped 200 times to test for the influence of limbs of atypical patients. The model's area under the ROC curve was considered to be reliable if the bootstrapped 95% confidence interval (CI) bracketed its value. All statistical analyses were done with STATA (version 8.2) (Stata Corp, College Station, Tex) for Windows (Microsoft, Redmond, Wash).
RESULTS
The database comprised 1,261 patients and 1,638 limbs, with 377 patients (29.9%) having had bilateral operations. Patients were a mean age of 49.7 Ϯ 12 years (ϮSD, range, 17 to 85 years) at the time of operation or earlier operation in the case of bilateral procedures, and 76.9% were women. At the time that their operations were performed, the 239 patients who had at least one limb with SFJ reflux at follow-up were an average of 5 years younger than the 1,022 no-SFJ-reflux patients (45.4 Ϯ 12.2 years vs 50.1 Ϯ 12.5 years, P Ͻ .001). The mean follow-up was 6.6 Ϯ 4.3 years, but it differed significantly between those with SFJ reflux (8.7 Ϯ 4.5 years) and those without it (6.1 Ϯ 4.1 years; P Ͻ .001), as displayed in the Figure. No variable had to be excluded for having Ͻ75% definitive entries overall, although the proportion of missing data exceeded this limit in some reflux-limb subgroups and, through compounding, in deriving interim gain in body mass index (BMI). Table II summarizes the distribution of patient characteristics and missing data for all limbs and, after partitioning, based on having or not having SFJ reflux at follow-up.
The striking finding among these raw data was that SFJ reflux was present in 54.4% of the limbs of women (31/57) who became pregnant and carried to term during their follow-up intervals compared with 17.2% of the limbs of women (191/1108) who were identifiable as not having had an interim term pregnancy (P Ͼ .001). Follow-up SFJ reflux was associated with differing distributions of CVI at the time of operation, partially attributable to a greater proportion of missing values in reflux limbs. SFJ reflux was also significantly associated with three contemporaneous markers of more advanced disease. Pelvic varicosities were nearly 10 times more common in reflux limbs than in those without it, and both CVI and deep vein insufficiency (DVI) of the thigh or leg were found almost twice as frequently in limbs with reflux. Table III compares the distributions of partitioned physician-determined treatment variables. The predominant finding in these data was that recurrent or persistent SFJ reflux affected only 8.7% of limbs (87/977) known to have had ultrasonic groin mapping compared with 33.2% of limbs (197/594) that were known to have not had groin mapping (P Ͻ .001). Stump management strategies, other than ligation, are shown separately and then combined into "any exclusion maneuver." Because of similarly small numbers and nearly identical raw-data reflux prevalences, both semi-quantitative parity and noninsulin-dependent (NID) and insulin-dependent (ID) diabetes mellitus were collapsed into dichotomous yes/no variables for all subsequent analyses. Table IV shows the univariate associations of putative patient and treatment predictors of follow-up SFJ reflux, with imputation for missing values and adjustment for follow-up length. Stump exclusion was not significantly associated with SFJ reflux, when adjusted for length of follow-up. Older age slightly decreased the probability of having SFJ reflux. BMI Ͼ29, CVI at the time of operation, prior parity, and to a greater extent, interim parity and Ͼ10% gain in BMI between operation and follow-up increased the risk of reflux. Ultrasonic groin mapping, longer suprainguinal incisions, and short incisions at or immedi- ately below the groin crease were associated with diminished risk for having reflux; whereas, Ͻ3-cm suprainguinal incisions, stripping to the ankle, dividing medial perforators in the leg, and the presence of more than a trivial groin hematoma were associated with an increase in risk.
The multivariable model identified the seven unique predictors shown in Table V . The area under the model's ROC curve was 0.829, and bootstrapping validation indicated no undue influence by the limbs of particular patients (95% CI, 0.815 to 0.843). Age and CVI at the time of operation, medial perforator division, and presence of a groin hematoma were no longer significantly predictive. Groin mapping and Ͻ3-cm incisions at or below the groin crease were each independently associated with a substantially decreased probability of having SFJ reflux at followup. Interim pregnancy during follow-up was uniquely associated with a greater than fourfold incremental risk. The limbs of patients with an initial BMI Ͼ29 and of women who had been pregnant were also more prone to have SFJ reflux, as were limbs in which the groin was approached through a Ͻ3-cm suprainguinal incision or when GSV stripping was extended to the ankle.
DISCUSSION
Although recurrent SFJ reflux was previously associated with longer follow-up observations, duplex scanning studies have shown that 1-year to 3-year images have considerable negative and positive predictive value for the presence of SFJ reflux at 5 years, and even at 11 years. 5, 7, 15, 20, 25 Duplex insonation not only unmasked what was escaping detection by physical examination and sporadic follow-up phlebography but also spurred interest in Glass' 26 neovascularization as an explanation for serpentine connections that did not fit the pattern of overlooked tributaries.
The stimulus for this de novo vein formation was hypothesized to be part of the wound healing process, trophic signals emanating from the ischemic vein endothelium distal to the stump ligature, or a combination of the two. 1 Those favoring anatomic mishaps supported their position with observational data from reoperated groins, including histologic evidence of persistent, mature, vein-wall elements, and even occasional valves. 3, 9, 10, 13 Those who endorsed neovascularity as a far commoner cause generated equally compelling data and characterized the histology of newly formed veins. [4] [5] [6] [7] [8] 15, 16, 20 This issue of dominant cause should dictate the focus of remediation: better supervision and training, or rethinking an established procedure, endorsed by six randomized, prospective studies? 1 With due respect for all of these investigations, we believe that our retrospective data add value, identifying risk-mitigating procedural choices and clinical circumstances in which they should be particularly emphasized. Obesity and prior parity were each associated with a moderately increased risk of recurrent or persistent SFJ reflux, and pregnancy during the follow-up interval was associated with a substantially greater risk. It has been widely assumed that pregnancy after varicose vein surgery courted recurrence, but to our knowledge, this supposition was not previously evidence based nor quantified as having a more than fourfold impact. Female gender alone and left-sided disease were not risk factors. CVI at the time of operation was a significant univariate finding but was not an independent predictor of follow-up reflux risk.
If a surgeon did ultrasonic groin mapping, eschewed restrictive suprainguinal incisions, or stripped the GSV to just below the knee, the probability of having SFJ reflux at follow-up was significantly lowered. These findings suggest that ultrasound groin mapping, reticence for short suprainguinal incisions as well as for extending stripping to the ankle, and counseling women about the affect of future pregnancy are prudent clinical choices, especially for obese patients and women who have previously born children. They also imply that patients with a BMI Ͼ29 kg/m 2 and women with prior parity should serve as an efficient cohort for a protocol-driven prospective study of physician-controllable variables.
Rethinking SFJ ligation first surfaced as proposals to widen dissection around the SFJ to allow drawing each tributary into the wound until its own first available tributary became visible and then dividing and ligating both the main and secondary tributaries beyond that juncture. 10, 27 Extended tributary ligation did not diminish risk in our data and has not gained wide acceptance. Stripping a prominent anterior or posterior thigh circumflex vein represents a more appropriate focus of the same concept. The underlying thesis is that neovascularity only leads to consideration of retreatment when there are residual diseased superficial thigh veins in the groin to receive its connections. 4, 15, 28 In fact, the Gloucester group, which has contributed mightily to the neovascularity literature, advocates routine stripping of the anterior thigh circumflex vein, irrespective of its prominence. 29 Others, mindful of the proclivity of the SFJ site for reconnecting, have sought to exclude the ischemic but potentially diffusion-nourished and viable endothelium beyond the ligature of the stump. These maneuvers included covering the stump with a prosthetic patch or a fascial-flap, or simply closing the cribriform fascia over it. [30] [31] [32] Ablating the ischemic endothelium by electrodesiccation or abrasion, or suturing, with the possibility of eliminating the stump altogether, round out the other approaches. 8, 18 Univariate analysis, when adjusted for follow-up, showed that endothelial exclusion had no significant impact on reflux recurrence. The largest series to date, although hampered by being unable to follow 40% of their patients, also suggests that exclusion maneuvers are ineffective in preventing recurrent SFJ reflux. 33 Proponents of stump covering have now shifted their focus to groins being reoperated on for already recurrent SFJ reflux, where the chance to make a difference should be greater. 8, [30] [31] [32] 34 The most divergent rethinking seeks to replace surgical stripping with in situ obliteration, usually leaving the SFJ and its more proximal tributaries intact. 20, 28, 35 These endovenous technologies, at least in the hands of their advocates, are beginning to show potential result durability, equivalent to SFJ ligation and GSV stripping, out to 4 years. 36, 37 They offer a means of eliminating the GSV from the thigh without making a groin incision, theoretically avoiding most, but not all, stimuli that might accrue from a healing process. 20, 28, 35 Foam-based sclerosing appears to accomplish the same thing, with identical short-term advantages of less discomfort and earlier return to normal activities but currently lacks long-term data. 38, 39 The operative details, which independently predicted reduced risk for having SFJ reflux at follow-up, were generally related to less operative trauma in the thigh and leg-a short incision in the groin, a generous suprainguinal approach, or limiting GSV stripping to just below the knee. Operating through a very short suprainguinal in-cision was an exception, fitting the criterion of less operative trauma in the thigh but actually increasing reflux risk. This approach typically involved identifying the superficial inferior epigastric vein and tracing it down by tunneling over the inguinal ligament to expose what was taken to be the SFJ. The overall prevalence of SFJ reflux after using this incision was 40%; however, when it was done with groin mapping, albeit in only 10% of the sample, no limb had SFJ reflux at follow-up. This suggested two possibilities: (1) recognizing variant anatomy in advance might have compensated for limited exposure, or (2) when found, usually prompted selection of an alternate incision. Extended stripping to the ankle as a unique predictor of follow-up SFJ reflux in the final model can be most comfortably viewed as being consequent to selection bias, but more accurately, it was a robust finding (369 limbs, 30% reflux) that simply cannot be resolved by the data at hand.
Retrospective studies, particularly when they involve surgical procedures and multiple centers, are forever flawed with hidden biases, unquantifiable heterogeneity, and "wish we knew that" gaps. The most glaring of these, in the present instance, is the lack of early postoperative duplex examinations to parse anatomic misidentification from later occurring neovascular reconnections. Although we believe that the identified refluxing connections in the immediate vicinity of the former SFJ were almost all newly formed, they cannot be positively differentiated from overlooked tributaries, or even a persistent GSV segment, without having performed a duplex examination at 4 to 6 weeks or having reoperative histology. 6, 8, 13 This issue of dominant cause as a guide for remediation should be readily resolved by a prospective study of sufficient size that incorporates the critical early and serial duplex examinations, because persistent reflux owing to anatomic misidentification virtually precludes finding neovascularity in the same groin. 6, 13, 40 Having arisen from a mix of causes, albeit with unknowable proportions, does not invalidate the predictors that emerged from our multivariate analysis and, in fact, makes them likely modulators of both anatomic misidentification and neovascularity through better-directed dissection and more complete elimination of diseased superficial system veins.
CONCLUSION
Surgical discontent with 20% SFJ reflux within 2 to 3 years after SFJ ligation with GSV stripping has caused some to advocate doing more (tighter supervision, extended ligation, and routine stripping of the anterior thigh circumflex vein) and others to do less (radiofrequency, laser, or sclerofoam endothelial obliteration, usually without SFJ ligation). Our results suggest that the proper course is not necessarily more or less, but better: know as much as possible about the particular groin's venous anatomy, adjust the operation accordingly, and caution the patient about future pregnancy. These precepts are generally pru-dent and may be especially applicable to obese patients and women who have born children. 
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